There is no report regarding histological examination of the new bioactive glass (RKKP) for human epithelial cells. We have concluded that this study suggest RKKP indicated the basic data regarding the biocompatibility to the epithelial tissues in clinical application of the dental field and others.
Introduction
Many biomaterials are currently used for dental implants: hydroxyapatite, 1 titanium alloy, 2 zirconia 3 etc. There are two important problems critical to the outcome of implant therapy; firstly, the adhesion between implant materials and the gingival (soft tissues), and secondly the adhesion between implant materials and the bone (hard tissues). If implants adhere to the bone, the infection will occur at the peri-implant epithelium (PIE). As a result, implant will be removed due to resorption of supporting the bone. Thus, in the dental field, we have to think about the biocompatibility of the biomaterials for the tissues having different properties. Now, we are focusing on the relationship of the biomaterials and gingival epithelial tissues by using Human gingival epithelial cells (HGE-15). [4] [5] [6] In 1969, Hench have discovered the bioactive glasses (Na 2 O-CaO-P 2 O 5 -SiO 2 ) and reported the biocompatibility in vitro results and the in vitro tests for the interfacial bonding of the implant to the bone in 1971. 7 Regarding the relationship of the bone for bioglass, many researchers have reported the bone bonded interface and mechanisms of the bioactive bonding. Hench and Paschell 8 has reported that the mechanism for development of this bonding is through the production of an amorphous ion surface gel on the bioglass. This gel induces osteogenesis by a chemotactic of osteoblasts. Furthermore, glasses were bonded to layer of collagen fibrils produced at the interface by osteoblasts. The chemical bonding of the HA layer to collagen created the strongly bonded in-terface. 9 The most important modification of bioglasses was the development of A/W(apatite/wollasnite) bioactive glass-ceramics by Nakamura et al and Yamamuro. The RKKP glass ceramics containing minor amounts of apatite crystals (8%) in a glassy matrix has good protein binding capacities. 12, 13 Its non-isothermal crystallization behavior was studied.
14 Small amount of La 2 O 3 and Ta 2 O 5 were added to furnish a possible nucleus of deposition for ions involved in bone formation. It was demonstrated, by in vitro experiments, that the presence of these oxides could modify the surface properties of the glass and influence the protein absorption kinetics. 15 In 1991, Ishikawa 16 established a cell line from human gingiva and named it HGE-15. On the basis of this study, we have established the experimental system in vitro in order to evaluate the biocompatibility using HGE-15 cells in 2002. 4 HGE-15 cells indicate that 30 minutes after incubation, cells adhere to the material indicating lamelliapodia and filopodia. After 2 hours, cells change the form from oval shape to flat shape. After 24 hours, cells form a sheet of polygonalshaped cells by SEM.
One characteristic of this study is to use the lined human gingival epithelial cells having the feature of human epithelial cells.
The purpose of this study is to investigate the response of Human Gingival Epithelial Cells (HGE-15) for the new bioactive glass (RKKP) by SEM and TEM in vitro.
Materials and methods
Samples: We have prepared; Sample 1: Commercial titanium alloy (CT), which was obtained from Kobe Steel Co., Ltd. Sample 2: bioactive glass RKKP which was offered from The Institute of Science and Technology on Ceramic Materials (Faenza, Italy). Sample 3. Plastic culture dishes [Falcon (F)] that were used as control.
The new bioactive glass RKKP are as follows: IR and EDX analyses showed that, after a treatment for 20 and 40 days in HBSS solution, deposits formed were composed of a calcium deficient carbonate apatite (Figure 1 , as for a lot of other compositions), but the formed layer of RKKP was thinner and with slightly more calcium deficiency. Figure 2 emphasizes the different behavior of RKKP whether it is reheated or not: when reheated it shows on IR spectra a recrystallization of hydroxyapatite (only weakly detected on non reheated samples). The enrichment of phosphorus is slightly faster in RKKP, so it produces values of Ca/P ratio lesser than those of AP40 (Fig. 3) ; except Mg (levels higher in RKKP), all other ions are present in the same amount at Transmittance the same time (however this could depend on the sphere of activation of EDX beam considering that the thickness of the layer on RKKP is thinner). EDX analyses evidenced the presence of a small percentage of F − ions, differently from the other tested glass systems. Figure 4 indicates the microsurface structure. The surface structure is rough. Average roughness of microsurface structure of RKKP is 3.06 μ m, maximum is 3.14 μ m, and minimum is 2.33 μm by confocal laser scanning microscopy (Olympus OLS 3000).
Biological Evaluation: The HGE-15 cells stored in the liquid nitrogen were dissolved at 37°C and were cultured for 2 to 3 days with Eagle's MEM supplemented with 10% fetal bovine serum in 5% CO 2 . After confirming the cell multiplication, the cells were used for the experiments. 10 ×10 5 HGE-15 cells were inoculated on the each samples, and cultured for 30 minutes, 1 hour, 2 hours, and 24 hours. The cells were, then, fixed for 2 hours with 2.5% glutaraldehyde (0.1M cacodylate buffer, pH 7.4), dehydrated conventionally, and subjected to critical point drying. The cells were then coated with gold and examined with SEM (Hitachi S-800). Regarding the evaluation of 30 minutes after the incubation, we have randomly taken three pieces of photographs (magnification; 350 times) representing the most adhesive condition of the cells and evaluated statistically (Kruskal Wallis and Mann-whitney examination) by counting the number of adhesive cells indicating filopodian and lamellipodia.
For examination by TEM (JEOL 1200EX), HGE-15 cells were cultured for 24 hours and 1 week. The cells were fixed for 2 hours in 2.5% glutaraldehyde, dehydrated conventionally, and subjected to critical point drying. The cells were then coated with gold and examined by SEM. For TEM, HGE-15 cells were fixed in 2.5% glutaraldehyde, postfixed in 1% osmium tetroxide, dehydrated, and embedded in Epon 812. After polymerization for 48 hours, the materials was removed with liquid nitrogen and re-embedded. The specimens were sliced at a thickness of approximately 80 nm, double-stained, and examined. Figure 5 is a SEM photograph 30-minute-incubation of HGE-15 cells on Falcon, RKKP, and CT. On F and CT, adhesion of cells were observed at the same degree and cells already changed shape indicating filopodian and lamellipodia on F. On RKKP, number of cells was less than F and CT. Statistically, number of cells were 75.67±4.04 on F, 67.67±3.79 on CT, and 17.33±2.52 on RKKP. There was significant difference (P<0.05) on three groups (Kruskal-Wallis examination). On the examination for two groups (Mann-whitney examination), between F and CT there was no significant difference indicated. However between F and RKKP and between CT and RKKP, there were significant differences (P<0.05). Figure 6 are CT, RKKP and MRT 2 hours after the incubation. On F, most of cells observed the change of the shape having characteristic of epithelial cells. Shape-change was also observed on CT and RKKP. However, its rate was less compared with F. Figure 7 is 24 hours after the incubation. All HGE cells changed to polygonal structures that the whole surface was completely covered by the cells. Figure 8 is the TEM photographs of F, and CT 24 hours after the incubation. The left is Falcon and the right is CT. No hemidesmosome (indicating the adhesion structure revealing between epithelial and nature tooth) was seen between the materials and cells. We have observed that a double-layered structure of about 25 nm in thickness was seen next to the material surface on CT and Falcon. However, we did not observe the existence of the clear extracellar matrix. After 1 week, we have observed the clear amorphous density layer between CT and cells (Fig. 9) . Figure 10 is the TEM photographs on RKKP 24 hours after incubation. The right is the expansion figure. HGE-15 cells were bonded directly to the RKKP. We have recognized the density layer of the interface between RKKP and cells. Figure  11 is a more expanded figure, especially, revealing a part of RKKP near the interface. After 1 week, we have recognized the same findings. Number of cells adhered on F and CT were same degree and indicated filopodian and lamellipodia in a part of samples.
Results

SEM findings:
On the other hand, On RKKP, number of cells was less than F and CT.
Discussion
Many researchers have reported the relationship between epithelial tissues and various implants. [17] [18] [19] [20] [21] [22] [23] We have firstly evaluated the interface of both by SEM and TEM for the new bioactive bioglass (RKKP) using HGE-15 cells in vitro.
Regarding the bone tissues for RKKP, many researchers have also reported the properties and biocompatibility to the bone tissues in vivo and vitro. [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] Nicoli et al 24 have reported the biocompatibility and osteointegration of zirconia (ZrO 2 ), either coated with RKKP bioglaze or uncoated, were evaluated in vitro and in vivo. Histomorphometry demonstrated that at 30 days, the affinity index was significantly higher in coated implants was better than that of uncoated ones, but differences were not significant. Furthermore, Stanic et al 25 have evaluated the osteointegration of yttria stabilized tetragonal zirconia (YSTZ), either coated with RKKP or uncoated in an animal model (Spraque Dawley rats) for 30 and 60 days. At 30 days, a significantly higher affinity index was demonstrated in vivo by histomorphometric evaluation in RKKP-coated versus uncoated YSTZ implants. At 60 days, the coated implants behaved better than controls, but the difference observed within the statistical uncertainly. Bosetti et al 26 have reported that fibroblasts and osteoblast-like cells cultured on RKKP and AP40-coated zirconia showed a higher proliferation rate, leading to confluent cultures with higher cell density and a generally better expression of osteoblast alkaline phosphatase activity in comparison with zirconia substrate. In conclusion, these results indicate that the surface chemical characteristics of the two glass coating AP40 and RKKP, with no great differences between them, substantially enhance zirconia integration with bone cells at least in vitro. Fini et al 27 have investigated the comparative studies (HA, Ti-6Al-4V, Zirconia, Alumina, AP40, RKKP) by histomorphometric study in rat for the osteopenia. As results, this study does not identify which materials gives the best results, however, proved the affinity of RKKP for the osteopenia.
A common behavior observed for bioactive of glasses, independently of their specific composition, is the formation of a calcium phosphaterich layer on their upon soaking with simulating body fluids. Many authors have reported that amorphous calcium phosphates, initially formed, crystallize to hydroxycarbonate-apatites and carbonate-apatite analogous to those present in bone. 7 Regarding the AP40, RKKP, Krajewski et al 33 have reported the mechanism as follows; Two bioactive silica-phosphate glasses, AP40 and RKKP, were compared in their behavior in simulated biological environment. As a result, IR and EDX analyses showed that deposits formed on both glasses were composed of a calcium deficient carbonate-apatite; however, the layer formed on RKKP glass was fond to be slightly more calcium deficient and thinner. EDX analysis evidenced the presence of a small percentage of F-ions only in the layers formed on the RKKP. It is well known that fluorine ions stabilize the apatitic lattice 34 and low amount have a stimulating effect towards bone reconstruction (very small quantities of F-ions enhance osteoblast proliferation). 35 Thus, the relationship between bone and bioglass has been investigated including the mechanisms in detail in vivo and vitro.
This time, we have firstly examined the interface of the RKKP using HGE-15 cells in vitro. On RKKP, increase and spreading of cells were delayed compared with F and CT after 30 minutes, 1 hour and 2 hours, however, samples were mostly covered with polygonal-shaped cells conclusively 24 hours after incubation by SEM. From these findings, we have concluded that HGE-15 cells indicated the biocompatibility to RKKP. Regarding the delay of adhesion and increase in the early stage (30minutes, 1 hour, 2 hours), we have concluded that there are some effects of properties and microsurface structure of materials. Actually, roughness of microsurface structure of RKKP was about 3 times compared with Ti and F. We think that it is necessary to carry out more studies under various conditions and materials. We have not recognized the hemisesmosome structure on F, CT, RKKP by TEM. Many studies have examined hemidesmosomes at the interface between cells and various substrates, both in vivo and in vitro. Gould et al, 17 James and Schultz, 18 Swope and James, 19 Lingarten and Lai, 20 Jansen et al 21 have reported the hemidesmosomes structure for various biomaterials. However, there still remains a view that these documentations of hemidesmosomes are not unequivocal ones, as in the discussion by Kawahara et al 22 that the ultrastructure of hemidesmosomes described so far are not very typical ones with the exception of that described by MacKinney et al 23 in their study using ceramic implants.
This study is the morphological evaluation using SEM and TEM for a new bioactive glass (RKKP) and does not solve the mechanism of the adhesion structure between glass and epithelial cells. However, we have concluded that it is necessary to have more investigation including the experimental period, roughness etc.
The most remarkable point is the clear difference of adhesive structure between bioinert material (CT) and bioactive material (RKKP). On CT, having the bioinert properties, we have observed the double layer structure of about 25 nm in thickness 24 hours after the incubation and recognized the amorphous density layer suspecting the presence of some kind of adhesive protein between titanium and HGE-15 cells 1 week after the incubation. On RKKP, we have observed the direct bonding for RKKP without indicating double-layer structure. In this study, we have used liquid nitrogen to remove from Epon 812. Namely, we have utilized the difference of contractive rate of each material. We have observed the finding near the interface that might be a part of RKKP forming the manufacture of the ultra semi-section for TEM. Regarding these TEM findings, we have concluded as follows: Methotologically, F and Ti were easily removed by one dipping manipulation for 5-6 seconds in the liquid nitrogen. On the other hand, RKKP was not removed easily and it is some dipping manipulation was necessary. We have concluded that this phenomenon occurred due to the force added to the interface using the different expansion rate of each materials might have occurred in the inside of RKKP and may destroyed the substance itself. Therefore, we might have observed the direct bonding to the cells. We have understood that the finding of Figure 11 occurred when slicing the samples, because RKKP re-embedded after the removal. However, we have concluded that it is difficult for RKKP to strongly adhere to the cells compared with F and Ti from only these findings. Above these points, in hence, it is necessary to carry out additional examination.
We have concluded that RKKP has the biocompatibility and bioactive properties to the human gingival epithelial cells in vitro. We will investigate various possibilities for RKKP in the dental field and others.
Conclusion
We have evaluated the biocompatibility for a new bioactive glass (RKKP) using SEM and TEM for Human Gingival Epithelial cells. As results, we have observed the adhesion and enhancement onto RKKP. From TEM findings, HGE-15 cells were bonded directly to the RKKP. We have concluded that RKKP have the biocompatibility and bioactive response to HGE-15 cells in vitro.
